An increased frequency of Staphylococcus aureus pneumonia occurs in patients who are immunosuppressed, in patients who acquire infections while hospitalized, and during major epidemics of influenza; mortality rates are high even in patients who receive antimicrobial chemotherapy (27) . During the 1968-1969 Hong Kong influenza epidemic, Schwarzmann et al. (23) studied a group of 128 patients who presented with pneumonia; they found a threefold increase in the incidence of staphylococcal pneumonia. They documented a high correlation between staphylococcal pneumonia and influenza infection. In their study group, the case fatality rate for patients with staphylococcal pneumonia was 33%. Between the years 1957 and 1970, Mulder and Hers (19) reported 176 cases of S. aureus pneumonia and bronchitis in a total of 478 suspected influenza deaths which were confirmed by histology, virology, and bacteriology. These authors postulated that a prerequisite for the initiation of a superinfection in the air passages was the presence of "virulent" staphylococcus in the nose.
Therefore, a general assumption is that any person who carries or acquires S. aureus in the nasopharynx during epidemics of influenza is at risk for a staphylococcal superinfection; however, because such strains of S. aureus are not known to have distinguishing characteristics, the more important contributory factors are thought to be virulence of the viral strain and the general condition of the host. Whether or not this assumption is valid is not known, and a comparative study of clinical and carrier strains is needed. In 1984, during the peak months of influenza activity in the community, we obtained clinical isolates from patients with postinfluenzal staphylococcal pneumonia. We are now reporting our study of the phenotypic characteristics of S. aureus strains associated with pneumonia in patients with and without a recent history of influenza compared with carrier strains from healthy adults. * Production of enzymes and extracellular factors. Susceptibility to heavy metals, HgC12, Cd(N03)2, and NaHAsO4 was determined by the disk method of Barbour (1); a positive reaction was scored if a zone of inhibition was present after a 48-h incubation at 37°C. DNase production was determined by the plate method with DNase test agar with methyl green, following the directions of the manufacturer (Difco Laboratories, Detroit, Mich.); DNase activity was detected by clearing around the streak of inoculation after incubation at 35°C for 24 h and' flooding the plate with 0.1 N HCI. The toluidine blue O-DNA agar'plate method of Lachica et al. (14) was used to determine whether the DNase produced by test strains of S. aureus was thermostable; a colony, stabilized on an agar block, was boiled, placed on a toluidine blue O-DNA agar plate, incubated for 4 h at 37°C, and read for the presence of a reddish halo of nuclease activity. Lipase activity was ascertained by a plate method using spirit blue agar supplemented with a lipoidal emulsion according to the instructions of the manufacturer (Difco); lipolysis was indicated by haloes surrounding the sites of streak inoculation after incubation at 35TC for 72 h. Protease activity of the test organisms was determined by using three separate plate assays as follows: (i) protease substrate gel tablets (Bio-Rad Laboratories, Richmond, Calif.) dissolved in both water and Mueller-Hinton broth (Difco) to form 1% agar gel plates;'(ii) milk agar plates as described by Brown and Foster (2); and (iii) dialyzed brain heart infusion milk agar plates by using the method of Sokol et al. (24) . Clearing'in the area of stab inoculation during incubation at 37°C for 72 h was indicative of proteolytic activity. Test strains were considered protease positive when a positive reaction occurred with any one of the three assays. A nutrient gelatin agar plate method was used according to the directions of the manufacturer (Difco) to determine the production of gelatinase which was indicated by liquefaction at the site of stab inoculation during incubation at 20°C for 30 days. A modified plate method (1) was used to assess the production of extracellular protein A, which produced a halo of precipitation around the site of inoculation after a 24-h incubation. Fibrinolysin production was determined by the modified fibrin agar method of Barbour (1); an area of fibrin clearing around the site of stab inoculation after incubation at 37°C for 24 h was scored as a positive reaction. To determine hemolytic activity, 5% rabbit blood agar plates were stab-inoculated, incubated at 37°C for 24 (5) , which consisted of 50 mM Tris hydrochloride (pH 7.5), 0.15 M NaCI, 0.25% gelatin, 0.15% sodium azide, and 0.1% Nonidet P-40. The NCP was rinsed three times in TSGAN and overlaid with 30 ml of a 1:100 dilution of either preinimune or hyperimmune convalescent serum in TSGAN for 18 h at ambient temperature. The sera were obtained from a New Zealand White rabbit before and 4 weeks after an experimentally induced osteomyelitis with S. aureus strain Ci-1. The NCP was rinsed three times with TSGAN and overlaid with 100 ml of TSGAN containing staphylococcal protein A (Sigma) previously labeled with 125I by the chloramine T method of Daugharty et al. (6) ; the suspension contained 3 x 106 cpm of labeled protein A which had a specific activity of 1 x i05 cpm/ptg of protein.
After a 2-h incubation at ambient temperature, the NCP was rinsed, soaked in TSGAN for 1 h, rinsed three times in TSGAN, and dried in air. The NCP was exposed to Kodak X-Omat AR film (Eastman Kodak Co., Rochester, N.Y.) with a Du Pont Quanta-III CK intensifying screen (Du Pont Co., Wilmington, Del.) at -70°C for 48 h. Standard molecular weight markers, included in each run, were visualized on the NCP after staining with Ponseau S.
RESULTS
Based on phage typing patterns (Table 1) , most of the pneumonia strains showed two or more strong differences, resulting in a likelihood of <5% that they were of common origin (20) . Two of the strains had the same phage type (Ci-8 and Ci-12), and two were untypable (Ci-7 and Ci-13). Phenotypically, all 33 clinical and carrier strains were characterized by the production of DNase, gelatinase, and lipase and also by the presence of clumping factor on the cell surface and the appearance of nonwhite pigmented colonies. In addition, most strains produced thermostable DNase (88%) and protease (94%). Less frequent traits included the secretion of extracellular protein A (21%), the production of hemolysin sufficient to produce a zone of complete hemolysis when using sensitive rabbit erythrocytes (61%), and thé secretion of fibrinolysin (48%); the staphylococcal pneumonia strains isolated from burn patients more frequently produced fibrinolysin (86%), but the results were of only borderline significance (P = 0.07).
A comparison of antibiograms for each of the test strains showed that 11 of 12 (91.6%) clinical isolates were resistant to penicillin compared with 14 of 21 (66.6%) carrier strains. One clinical isolate (C-13) was resistant to all antibiotics tested except vancomycin. Two clinical isolates (Ci-1 and Ci-6) were resistant to tetracycline, and Ci-7 was resistant to erythromycin. One carrier strain was resistant to both chloramphenicol and tetracycline. In testing the sensitivity of staphylococcal strains to heavy metals, no significant difference was noted between the clinical and carrier groups-all of the organisms were sensitive to mercury, and approximately half the strains were sensitive to arsenate and cadmium.
Since the interaction of S. aureus strains with host cells may involve nonspecific hydrophobic interactions, we determined the hydrophobicity of our test strains, reflected by their capacity to adsorb to hexadecane following growth in chemically defined (M199) and biologically complex (TSB) media (Table 2 ). There was no apparent difference between clinical and carrier strains grown in M199, and hydrophobicity was relatively low. However, when strains were grown in TSB, hydrophobicity of the postinfluenzal staphylococcal pneumonia isolates was significantly lower (P < 0.005) VOL. 24, 1986 on January 27, 2018 (Fig. 1) shows that several bands were shared among all the clinical and carrier strains. One band occupied a position at 52,000 to 55,000 molecular weight (stippled arrow) which corresponds to the molecular weight of purified protein A by SDS-PAGE (9, 16) ; in fact, this band was missing in two mutant strains known to be deficient in protein A, PA- (Fig. 1, lane 40) and EMS (Fig. 1, lane 41) . A second band, occupying a position at 14,000 to 15,000 molecular weight (Fig. 1, open arrow) , was probably clumping factor, since this band was missing in EMS (Fig. 1, lane  41) , which is known to be clumping factor deficient. It is obvious that antigen profiles differed between strains; however, 9 of the 12 pneumonia strains demonstrated one of two patterns based on strong reactions with antigenic polypeptides occupying positions at 154,200, 130,000, 77,100, or 64,400 molecular weight. Pattern A is represented by Ci-1 (Fig. 1, lane 1) , which was positive for three of the bands; pattern B is represented by Ci-9 (Fig. 1, lane 8) , which was positive for all four bands. Antigenic patterns of the carrier strains were also determined (Table 3) . A category of "miscellaneous" was assigned for strains that did not demonstrate either pattern A or B; these strains showed a range of (11, 12, 26) , contribute to high hydrophobicity. By using adsorption to hexadecane as a measure of hydrophobicity, we compared pneumonia and carrier strains ( Table 2) . Hydrophobicity of all test strains was similar when staphylococci were grown in chemically defined medium (range of mean percent, 23 to 35). However, when the organisms were grown in biologically complex medium, hydrophobicity of the postinfluenzal staphylococcal pneumonia strains was significantly lower (P < 0.005) than that of the pneumonia strains isolated from burn patients and normal carrier strains; hydrophobicity of the latter two groups was almost identical and showed an increase after culturing in TSB. These data cannot be explained by a transformation of the organisms during active infection, because all of the clinical strains were isolated from patients with severe pulmonary infections. The data do suggest that high cell surface hydrophobicity, as determined by in vitro testing, is not a prerequisite of strains capable of causing pneumonia in humans.
The antigenic relatedness of the clinical and carrier strains was analyzed by immunoblot by using hyperimmune serum raised specifically against Ci-1 (Fig. 1, lane 1) in the course of an experimentally induced rabbit infection. The immunoglobulins reacted strongly with a number of bands shared between the strains that probably represented group antigens. However, the heterogeneity of the response was surprising, since probe-positive bands were present in heterologous strains that were missing in the homologous Ci-1 strain. Although quantitative differences may serve to partially explain this reactivity, it appears that a considerable amount of molecular heterogeneity exists in these test strains. We know from a recent preliminary experiment that the reactive bands are derived primarily from the surface of the staphylococci, because pretreatment of bacterial pellets with proteolytic enzymes before sonic disruption ablates the reactivity (unpublished data). It would be interesting to know whether these patterns are constant for each organism, or if the organism has the ability to present different faces to the host and thereby gain a survival advantage. By close inspection of the various patterns, we were able to tentatively classify strains based on the presence or absence of four protein antigens (Table 3) . A total of 75% of the clinical strains, including all five of the isolates from patients with postinfluenzal staphylococcal pneumonia, were positive for three to four of the antigens, compared with 43% of the carrier strains. The number of test strains from patients with postinfluenzal staphylococcal pneumonia was not large enough to allow us to conclude that carriers of staphylococci with these antigenic profiles are at higher risk of bacterial superinfection during epidemics of influenza. However, the possibility that surface proteins may contribute to or provide markers for the pathogenicity of S. aureus in deep-seated respiratory infections merits further study.
